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^ (57) Abstract: A gas generator for actuating a vehicle passenger constrainer, comprising a first bottomed cylinder (2), a gas gen- 
J^H erating agent (6) filled in the first cylinder (2), an electric igniter (4) formed by a second bottomed cylinder (4a) storing an igniting 

agent (4b) and closed by a stopper (4c), and a support (I) which positions the second cylinder (4a) at the center of the first cylinder 
O (2) and which fixes the first cylinder (2) while holding the stopper (4c) of the electric igniter (4). Particularly, of the total volume 
Q defined by the inner surface of the first cylinder (2), the outer surface of the second cylinder (4a) and the support (1 ), the empty space 

is less roan 20% by volume. 
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TECHNICAL FIELD 

The present invention relates to a gas generator for 
actuating^ vehicle occupant restraint deviq^^such as 
pretensioner belts. 

BACKGROUND ART 

A pretensioner belt is a vehicle occupant restraint 
device for detecting collision and subsequent! y^£aat cm j^nV^^^ V ^ / ' 



seat belt. For ^ as toning seat belts, there has been normally 
p employed a mechanism ofyy fast e iiirig seat belts by gas pressure 

of a gas generator. 

Such gas generator includes a first hollow body with a 
bottom and sides, gas generants filled in the first hollow body, 
an electric ignitor, and a holder. The electric ignitor is 
formed with a second hollow body with a bottom and sides, 
igniting agents housed in the second hollow body, and a plug 
closing an opening portion of the second hollow body. The 
holder positions the second hollow body in the center of the 
first hollow body, holding the plug of the electrical ignitor. 
The holder fixes the second hollow body in the first hollow 
body, closing the opening portion of the first hollow body. 
A first hollow body filled with gas generants and a holder 
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✓in which an electrical ignitor is fixed in advance and a second 
( hollow body of the electrical ignitor is projected, are 
Vprepared for this kind of gas generator. The holder is put 
on the first hollow body to close the opening portion thereof 
and fixed by a proper fixing means. It is difficult to put 
the holder into the first hollow body without leaving an 
excessive empty space at this time since the gas generants are 
(hard solidT^ 

Therefore, when the electric ignitor is actuated and the 
gas generants are ignited, increase in inner pressure by 
ignition in the first hollow body is slowed because of the 
excessive empty space in the first hollow body. As a result, 
a rupture of a rupture member of the first hollow body is delayed 
and there is an adverse possibility that desired performance 
cannot be obtained. 

Generally, a permissible ignition delay period (the 
period of time between a start of current flow to the electric 
ignitor and a start of discharging gas from the gas generator) 
is within 2 ms for the seat belt pretensioners of automobiles. 
When the ignition delay period is more than 2 ms, an occupant 
restraint performance cannot be shown sufficiently. 

When excessive empty space exists, a size of a gas 
generator is extended by the empty space. Further, because 
the gas generants are not fixed, powdering thereof by vibration 
of a vehicle is also concerned. When such a powdering 
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phenomenon occurs, a combustion velocity of the gas generants 
becomes extremely fast, and then the gas generator may possibly 
be damaged . 

Hence, Japanese Patent Application Laid-open No. Hei 
8-207 694 has disclosed a cup-shaped filling cylinder for 
filling gas generants without leaving an empty space. The 
second hollow body of the electric ignitor projects inwardly 
from the bottom of the cup-shaped filling cylinder. The 
cup-shaped filling cylinder opens upwardly from the second 
hollow body of the electric ignitor. 

First, in the gas generators having the above-mentioned 
cup-shaped filling cylinder, the gas generants are filled in 
the cup- shaped filling cylinder thereof without leaving an 
empty space. Then, the first hollow body is put on the 
cup-shaped filling cylinder to cover the opening portion of 
the cup-shaped filling cylinder. When the gas generants are 
filled in the first hollow body in this way, it is possible 
to fix the second hollow body of the electric ignitor in the 
first hollow body without forming an excessive empty space 
therein. 

However, a filling cylinder needs to be newly provided 
in this case. As a result, in addition tc^increase-of a component < ' 
-eewftt, simplification of the manufacturing process cannot be 
expected. 

It is an object of the present invention to provide a 
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gas generator for actuating vehicle occupant restraint device?) 
wii^^small^componen^^tmt^excellent^ ignitability, and 
(^^apable of being miniaturized. 
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As a result of eager investigation of the present 

r - inventors to solve the above -me ironed problem, the present 

inventors have found that it^is important to regulate a ratio 

of an empty space to an ^j^nner volume of the first hollow body 

2 to achieve the present invention. 

$vb ~~^> The present invention relates to a #as generator for 
AH / / 

/ actuating vehicle occupant restraint device comprising a first 

hollow body 2 with a bottom and sides, gas generants 6 densely 

filled in the first hollow "befdy 2, electric ignitor 4 formed 

by housing igniting agents 4b in a second hollow body 4a with 

a bottom and sides tfren closing the second hollow body 4a with 

a plug 4c, and af holder 1 positioning the second hollow body 

4a in the center of the first hollow body 2 while fixing the 

first ho^tlow body 2 and holding the plug 4c of the electric 

ignitor 4 

Sw£ y in a first gas generator of the present invention, a ratio 
of an empty space to a volume of a space^rtitioned by an inner 
surface of the first hollow body/2, an outer surface of the 
second hollow body 4a and tKe holder 1 (hereinafter it is 
described as full volumef is less than 20 % by volume. The 
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empty space and the ratio of the erppty space by volume are 
calculated by using 

empty space = full volume^ filling volume ■ 1 ■ (1) 
ratio of an empty space^y volume 

- empty space volume / full volume X 100 • ■ • (2) 

Fundamentally, a space that exists among the particles 
of filled gas generant compositions is not regarded as a gap. 
And the filling volume means a necessary volume for gas 
generants filled in a dense state to substantially exist in 
the full volume. 
^Ab ^ According to the first gas generator of the present 
invention, b'ecause the ratio of th^ empty space to'the full 
volume of the first hollow body S'is less than 20 %, the first 
hollow body 2 is substantially full of the gas generants. 
Therefore, ignition energy of the electric ignitor 4 is 
transmitted efficiently and the time for raising for inner 
pressure of the f^tst hollow body is shortened. 

S^o ~~) Accordingly, in the case an electrical i^itor with small 
A1 7 / 

ignition power is used, there is no possibility that an ignition 

delay occurs. In addition, because fcKe first hollow body 2 

is substantially full of the gas generants, the gas generants 

are prevented from being powdered by vibration of vehicles. 

To ensure above-mentioned i^act ion, it is preferable that the 
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ratio of empty spacej^Iess than 15 %, further preferably, 
less than ljpK^^ 

The conventional cup-shaped filling cylinder is not 
necessary, thereby providing reduction of ^componen c^/ eeu nt . 
Job ~7 A second gas generator of/ bhe present invention is 

AS ' / 

characterized in that the gap generants 6 are powdery or 
granulated and filled in aycompressed state, in addition to 
the above-mentioned characteristics of the first gas generator. 
As examples of compressible gas generants, there are powdery 
or granulated non^azide gas generants, propel lant gas 
generants and ttfe like. 

According to the second gas generator of the present 
invention, the gas generants are powdery or granulated. 
Therefore, the gas generants can be filled without leaving 
space and a ratio of the empty space can be easily predetermined. 
Because the gas generants are filled in a compressed state, 
the filling density is heightened and the gas generator is 
miniaturized. Combustion velocity can be adjusted by 
adjusting a filling weight and a compression height (i.e. a 
height of a surface formed with the filled agents) . It is 
preferable that the average particle size of material of the 
powdery or granulated gas generants is adjusted so as to fall 
into the range of 10-300 fim including 10 ^m and 300#m. It is 
preferable that the compression degree of the gas generants 
falls into the rang of 30-100% including 30% and 100%. 
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compression degree of the gas generants is regarded 



as 100% when the gas generants are compressed with the density 
equal to the true density. 

The powdery or granulated gas generants , adjusted to be 
in the predetermined range mentioned above, can be hardened 
into a predetermined form by compression at a predetermind 
pressure. 



P£> third gas generator of the present invention is 

characterized in that a part of the fu^Tvolume is filled with 
a spacer 7 inserted between out er^sur faces of the sides of the 
second hollow body 4a and^inner surfaces of the Bides of the 
first hollow body^> in addition to the above-mentioned 
characteristics of the first or the second gas generator. 
^jt° 7 According to " the third gas generator of the present 



invention, an empty space between Ae outer surfaces of the 
sides of the second hollow body/ia and the inner surfaces of 
the sides of the first holLefW body 2 can be filled with the 
spacer 7. Therefore, even/if a form of the gas generator cannot 
be modified for rea&on of a design of a vehicle occupant 
restraint device, it is possible to lower the ratio of the empty 
space. As a result, the first hollow body 2 is substantially 
full of the gas generants 6, thereby an excellent ignitability 
is obtained. 

An empty space in this gas generator is calculated by 

using 
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empty space 

= full volume - ( filling volume + volume of a spacer) 

■ - - (li) 

Further, when the length of the spacer is adjusted 
according to the lengths of the first hollow body and the second 
hollow body,' it is possible to adjust the full length of the 
gas generator without eliminating an excellent ignitability . 

Particularly, a configuration where the spacer is 

located around the electric ignitor, is desirable. The 

electric ignitor may be formed so as to include the spacer 

depending on circumstances. Thereby, ignition energy is 

concentrated on the gas generants, and the ignitability is 

maintained. The spacer/ remains fixing on) the electric 

ignitor after the gas generator is actuated. 

Rigid material is desirable for the spacer. For example, 

the spacer is made of aluminum, plastic, glass fiber, and the 

like and formed into a doughnut shape, a mesh shape, and the 

like. When the spacer is made of a gas generant composition 

with the same form as mentioned above, it is possible to 

increase the output of the gas generator. 

^) A forth gas generator of tlj^r present invention is 
/AH / 

characterized in that the gas^enerants 6 are compressed in 
advance and filled in the^flrst hollow body 2 so that a concavity, 
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in which the second hollow body 4a is inserted, is formed, in 
addition to the above-mentioned characteristics of the first 
or the second gas generator, 

] According to the forth gas generator of the present 
invention, the gas generants are compressed in the first hollow 
body 2 in advance so that the concavity, in which the second 
hollow body 4 is inserted, is forjrfed. Therefore, when the second 
hollow body 4a is inserted into the first hollow body 2, the 
second hollow body 4a is ^urrounded by the gas generants. The 
ignition energy of th/electrlc igniter is transmitted to the 
gas generants surrounding the second hollow body 4a without 
waste. Therefor/, there is no possibility that an ignition 
delay occurs/ For compressing the gas generants 6 into a 
concave sh^fpe in the first "hollow body 2, convex compressing 
tools may be used. 
' ~~? A fifth generator of the present invention is 
characterized in that gas generants jrincompressible or hard 
to compress are filled densely arid a part of the full volume 
is filled with the spacer 7 inserted between the outer surfaces 
of the sides of the seconj^hollow body 4a and the inner surfaces 
of the sides of the/first hollow body 2, in addition to the 
above-mentioned^cnaracteristics of the first gas generator. 

In the gas generator of the present invention described 
above, the excessive empty space in the first hollow body can 



be reduced, thereby i kpi -o vifrig L Uc piublem fdS an ignition delay 
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of the gas generator. Further/ the gas generants are prevented 
from being powdered by vibration of vehicles . Thus, the gas 
generator of the present invention is excellent in 
ignitability and reduced in size though it is manufactured in 
a manufacturing process almost the same with the conventional 
one. 



BRIEF DESCRIPTION OF THE DRAWINGS 

I* 

FIG. 1 is a sectional view of the^embodiment yi of the 
present invention; FIG. 2 is a sectional view of the embodiment 



A* 

relationship of the ratio of the empty space by volume and 
ignition delay period of the gas generator. 

"""" " C-V. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The embodiments of the present invention will be 
described below with reference to the drawings. 

-FIG. li^a sectional view of thepsEodiment 1 of the 
present^nVention^pIG. 2 is a sectorial view of the embodiment 
2^ff the present inven^i^f^"^ 

In FIG. 1 a gas generator 11 includes a first hollow body 
.2 withXbo-ttom andj3>des, gas generants 6 filled in the first 
hollow body 2, an electric ignitor 4, a holder 1, and a spacer 

p bottom of the first hollow body 2 is provided with a 



10 



. ivwifcfiJ)5UV,iMico rox.uD-ojuu-joa i v , zuuz* z/jiaqw zj.m r.zu/**z 



m 

in ! 



rupture portion 2a thin in wall thickness. The first hollow 
body 2 is press-formed so as to have two sections consisting 
of a small diametral portion on a 7 bottom side and a large 
diametral portion which is a main portion. An end of the main 
portion is bent to be a flange 2b. 



/ The electric ignitor 4 has a second hollow body 4a with 

N- ^ bottom and s^des, igniting agents 4b housed in the second 

0 hollow body 4a, a plug 4c to close an opening portion of the 

4* 



second hollow body 4a, and two pins 4d standing on the plug 
4c. The two pins 4d are connected to a bridge wire (not shown) 
being in contact with the igniting agents 4b. 

The holder 1 fixes the first hollow body 2 positioning 
the second hollow body 4a in the center of the first hollow 
body 2 , Further, the holder 1 supports the plug 4c by a caulking 
portion lb with an O-like ring 5 around an outer circumference 
of the plug 4c. The O-like ring 5 is employed for use'Sn^a]^' 
The holder 1 projects a part of the second hollow body 4a of 
the electric ignitor 4 into the first hollow body 2, and allows 
parts of the pins 4d to be connected to a connector (not shown) . 

An insulation ring 3 is fitted to a hole la in back of 
the holder 1 to ensure insulation. The caulking portion lb 
for supporting the plug 4c is inserted in the opening portion 
of the first hollow body 2. By the caulking portion lc of the 
holder 1 on the flange 2b of the first hollow body 27"Nthe first 
hollow body 2 is fixed on the holder 1 in a saal^ondition. 
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As means for fixing the first hollow body 2 on the holder 
1/ adhesive, crimping, casting and the like may be employed. 

A space partitioned by an inner surface of the first 
hollow body 2, an outer surface of the second hollow body 4a 
and the holder 1 is capable of housing gas generants. The gas 
generants 6 and the spacer 7 are located in this space. 
W *7 The spacer 7 is in a cylindrical shape, where'a diameter 
of the inner circumference thereof is subsji^ntially the same 
with the one of the outer circumference of the second hollow 
body 4a and a diameter of the oa^er circumference thereof is 
substantially the same wipr^he one of the inner circumferences 
of the first hollow>6dy 2. The spacer 7 is inserted between 
the outer surfaces of the sides of the second hollow body 4a 
and theinner surfaces of the sides of the first hollow body 

A length of the cylindrical spacer 7 is determined so 
that the later-described ratio of the empty space by volume 
is less than 20 %, in consideration of the later-described 
filling volume of the gas generants. 

In the case that the gas generants 6 are incompressible 
or hard to compress e.g. smokeless powder or press-formed non 
azide gas generants, the gas generants are densely filled in 
the first hollow body 2 on the bottom side thereof. In the 
case that the gas generants 6 are compressible and powdery or 
granulated, the gas generants are densely filled in the first 
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hollow body 2 on thebottom side thereof condition hardened 
by a compression -ApA^ the drawing refers to a distance between 
the bottom of the first hollow body 2 and the filling surface 
(i.e. the surface formed with filled agents) . 

It is possible to increase a weight of the gas generants 
6 by shortening the length of the spacer 7. Further, when the 
spacer 7 is made of a gas generant composition, a space for 
housing the gas generants of the first hollow body 2 is not 
wasted and the amount of generated gas can be increased. 

The volume of a space, which is partitioned by an inner 
surface of the first hollow body 2, an outer surface of the 
second hollow body 4a and the holder 1 and capable of housing 
the gas generants, xs- w r iLben with a wo*d of a full volume. 

According to the present invention, "a volume and a form 
of the spacer 7 and a filling volume of gas generants are 
determined so that the ratio of an empty space, which is not 
filled with the spacer 7 and the gas generants, to the full 
volume is less than 20 % by volume, preferably less than 10 %. 

Fundamentally, a space that exists among the particles 
of filled gas generant compositions is not regarded as a gap. 
And the filling volume means a necessary volume for gas 
generants filled in a dense state to substantially exist in 
the full volume. 

Specifically, the filling volume of the gas generants 
filled in the first hollow body 2 on the bottom side thereof, 
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shown in FIG. l^i^calculated in consideration of a distance 
h between the bottom of the first hollow body 2 and the filling 
surface (i.e. a surface formed with the filled agents), an inner 
diameter of the first hollow body 2, and an outer diameter of 
the second hollow body 4a. 

A volume of the empty space and the ratio thereof are 
calculated by using . 

volume of an empty space 

= full volume - (filling volume + volume of a spacer) 

■ ■ ■ 

ratio of an empty space by volume 

=^empty space volume / full volume^X 100 

• ■ ■ (2) 

In the gas generator where the gas generants 6 and the 
spacer 7 are located, it is possible that the ratio of the empty 
space to the full volume is less than 20 %, further, less than 
10 S. The full volume is a volume of the space partitioned by 
the inner surface of the first hollow body 2, the outer surface 
of the second hollow body 4a and the holder 1. 

Particularly, in the case that the gas generants are 
incompressible or hard to compress e.g. smokeless powder or 
press-formed non azide gas generants, the gas generants cannot 
be hardened into a predetermined shape by a compression so as 
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to fit a space for housing the gas generants of the gas generator. 

Therefore/ it is preferable to use the space/not to form an 

A 

excessive empty space. 

The above-mentioned gas generator is manufactured by the 
following steps. In the case that the gas generants are 
incompressible or hard to compress e.g. smokeless powder or 
press-formed non azide gas generants, the gas generants are 
densely filled in the first hollow body 2 on the bottom side 
thereof. In the case that the gas generants 6 are compressible 
and powdery or granulated, the gas generants are densely filled 
in the first hollow body 2 on the b^tSonrside thereof in the 
state hardened by compression. 

The electric ignitor 4 is supported by the holder 1 and 
the spacer 7~*"is fitted around the outer circumference of the 
second hollow body 4a of the electric ignitor 4. Then, the 
holder 1 is fitted to the first hollow body 2 and fixed by the 
caulking portion lc. Thus, the gas generator of which inner 
space is regulated, is manufactured in a process almost the 
same with the conventional one. 

FIG. 2 shows a gas generator, without a spacer, in which 
the gas generants 6 are compressed to be concave to fit the 
second hollow body 4a. The gas generants 6, which are powdery 
or granulated and compressible, are suitable. The portions 
functioning the same way with those of FIG. 1 are referred to 
by the same reference numerals and the description is omitted. 
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The gas generants 6, which are compressible and powdery 

or granulated, are densely filled in the first hollow body 2 

on the bottom side thereof in the state hardened by a 

compression to have a concavity 6a to which the second hollow 

body 4a of the electric ignitor 4 is just fitted/ H in the 

A 

drawing refers to a distance between the bottom of the first 
hollow body 2 and the filling surface (i.e. a surface formed 
with the filled agents) . 

In the embodiments of the present invention, a filling 
volume of the gas generants 6 &le determined so that the ratio 
of an empty space, which is not filled with the gas generants 
6, to the full volume is less than 20 % by volume, preferably 
less than 10 %. 

In the case that the gas generants 6 are compressed in 
the first hollow body 2 in advance to be concave to fit the 
second hollow body 4a as described above, the second hollow 
body 4a is surrounded by the gas generants^only by inserting^) 
the second hollow body 4a in the first hollow body 2 and fixing 
by the caulking portion lc of the holder 1. Therefore, the 
inner empty space of the gas generator is reduced compared to 
the conventional one. 

*^£L* 

Hi a tidati lira* compression degree of the gas generants 
compressed -mrtd tl boin-g ijequal to the true density there</f>e -&^&u 

^^^^ VT' ed^^XuJ}, 

reg a rded -aa 100 -^compression degree preferably falls in a *r*^ 
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range of 30-100 % including 30% and 100 % so that the gas 
generants can be compressed into a predetermined form. 
Concretely, the compression degree is calculated by using 

compression degree [%] 

= (weight of gas generants per 1 cm 3 of a filling volume 
t true density of gas generants) X 100 

... (4) 

In the following, the examples of the present invention 
will be described in detail. All members included in the gas 
generators employed in the following examples and comparative 
examples, such as electric ignitors, O-like rings or holders, 
are of the same standard or type, "~* 
(Example l] 

In the gas generator shown in FIG. 2, the gas generants 

containing 33.8 % by weight of 5-aminotetrazole, 30.5 % by 

weight of ammonium perchlorate, 31.0 % by weight of strontium 

nitrate, and 4.7 % by weight of synthetic hydrotalcite were 

employed. The true density was 2 . 18 g/cm 3 . The aas generants 

were powdery, o f which - particle mean diameter «- 50 #m , and 
compressible. 

<^^as generants of 1.9 g were weighed and filled in the 
first hollow body. Then, the gas generants were compressed 
for forming a concavity until the filling volume. was 2.11 cm 3 . 
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The full volume of the gas generator is^-2^3 cm 3 . The empty 

[(JVC . 

space calculated by the equation is 0 . 1& ajid/fche . ratio is 8.3 % 
by volume. The weight of the gas generants per 1 cm 3 of the 
filling volume is 0.9 g and the compression degree is 41.3 %. 

FIG, 3 shows the ratio of the empty space by volume and 
ignition delay period of the gas generator obtained in' thia r- 
way ao 'Tabid 1 , 
[Example 2] 

In the gas generator shown in FIG. 2, the same gas 
generants as those used in the Example 1 were employed. The 
true density was 2.18 g/cm 3 . The gas generants were powdery, 
of whi oh particle mean diameter ±5* 50 #m, and compressible. 

-Tfre^as generants of 1.7 g were weighed and filled in 
the "first hollow body. Then, the gas generants were compressed 
for forming a concavity until the filling volume was 1.89 cm 3 . 
The full volume of the gas generators-is 2 , 3 cm 3 . The empty 

fan) % 

space calculated by the equation i^ p^-t9^fcm 3 'and the ratio is 
17.8 % by volume. The weight of the gas generants per 1 cm 3 
of the filling volume is 0.9 g and the compression degree is 
41.3 %. 

FIG. 3 shows the ratio of the empty space by volume and 
ignition delay period of the gas generator obtained in this- 
w ay du Tatotg A . 

[Example 3] 

In the gas generator shown in FIG. 1, the spacer of 0.4 
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cm volume was fixed around the second hollow body of the 
electric ignitor. 

The same gas generants as those used in the Example 1 
were employed. The true density was 2.18 g/ cm 3 . The gas 
generants were powdery, o f - whiah particle mean diameter j/S SO 
Um., and compressible. -She ^as generants of 1 .5 g were weighed 
and filled in the first hollow body. Then, the gas generants 
were compressed until the filling volume was 1.67 cm 3 . The 
full volume of the gas generator is 2.3 cm 3 . The empty space 
calculated by the equation is 0.23 cm 3 and the ratio is 10.0 % 
by volume. The weight of the gas generants per 1 cm 3 of the 
filling volume is 0.9 g and the compression degree is 41.3 %. 

FIG. 3 shows the ratio of the empty space by volume/and 
ignition delay period of tne gas generator obtained in^tS^j| 
way _a s, Tablo 

[Example 4] 

In the gas generator shown in FIG. 1, the spacer of 0.4 
cm 3 volume was fixed around the second hollow body of the 
electric ignitor. 

The gas generants containing 98.0 % by weight of 
nitrocellulose, 1.0 % by weight of diphenylamine, and 1.0 % 
by weight of potassium sulfate were employed. The gas 
generants were incompressible , o£ — which particle/ 
press-formed into a cylindrical shape having Q 7 mm rH 8 an outer 
diameter, 0^2 am e f an inner diameter, and 1.3 mifr -qf a height? 

A A A* 
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-•SHtre^as generants of 1.3 g were weighed and filled in 
the first hollow body. Then the gas generants were filled 
densely without compression until the filling volume was 1.73 
cm 3 . The full volume of the gas generator is 2.3 cm 3 . The empty 
space calculated by the equation is 0.17 and the ratio is 7.4 % 
by volume. The weight of the gas generants per 1 cm 3 of the 
filling volume is 0.75 g. 

FIG. 3 shows the ratio of the empty space by volume and 
ignition delay period of the gas generator obtained in 
way ao Tabl u 1 . 

(Comparative Example lj 

The gas generator in the Comparative Example 1 is 

equivalent ( to the gas generator shown in FIG. 1 except the 

spacer, arid an ouomple of fcl'm tj ga goiii i firnf n r whore * the ratio 
A 



of the empty space by volume is no less than 20 %. 

The same gas generants as those used in the Example 1 
were employed. The true density was 2.18 g/ cm 3 . The gas 
generants were powdery, J3^5fefeh%article mean diameter 
SO Jim, and compressible. 

Itoe-g*s. generants of 1.5 g were weighed and filled in 
the first hollow body. Then, the gas generants were compressed 
until the filling volume was 1.67 cm 3 . The full volume of the 
gas generator is 2.3 cm 3 . The empty space calculated by the 
equation is 0.63 cm 3 and the ratio is 27.4 % by volume. The 
weight of the gas generants per 1 cm 3 of the filling volume 
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is 0,9 g and the compression degree is 41.3 %. 

FIG. 3 shows the ratio of the empty space by volume and * 
ignition delay period of the gas generator obtained in <&±£{ Jfi( ^ Sr 

Generally, a permissible ignition delay period^ in 
seat belt pretensioners for automobiles is. within 2 ms. When 
a delay more than 2 ms occurs, an occupant restraint performance 
cannot be shown sufficiently. 

According to Ta8io 3r, "ignition delay perio^in Exampl 



1, 2, 3, 4 are short being less than 2 ms. The ignition delay 
period in Comparative Example 1 is substantially longer than 

1-4 

2 ms compared to those in Examples. Accordingly, it is shown 

A 

that the ratio of the excessive space i,e, the empty space in 
the first hollow body causes a considerable ignition delay of 
the gas generator. 



INDUSTRIAL APPLICABILITY 

The gas generator of the present invention is most 
suitable for actuating vehicle occupant restraint device, 
particularly, for a gas generator with a small component count, 
excellent in ignitability, and capable of being miniaturized. 
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the international application was filed, unless otherwise indicated under this item. 

Thes e elements were available or furnished to this Authority in the following language which is* 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23.1(b)) 

□ 

the language of publication of the international application (under Rule 48.3(b)) 

the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 



□ 
□ 
□ 
□ 
□ 

□ 
□ 



contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

The amendments have resulted in the cancellation of: 

the description, pages 

the claims, Nos. 

the drawings, sheets/fig 



5 I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
— beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70.17). 

* Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) 

Inventive step (IS) 
Industrial applicability (!A) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-5 



1-5 



1-5 



YES 
NO 
YES 
NO 

YES 
NO 



Citations and explanations 
Document 1 : 



Document 2 : 



Microfilm of the specifications and drawings 
annexed to the application of Japanese 
Utility Model Application No. 3469/1998 
(Laid-open No. 262/1998) (Morton Thiokol, 
Inc.), 13 November 1998 (13.11.98), entire 
text, Fig. 1-2, & US, 4890860, A, & EP, 
324639, A, & DE, 68901383, A, & CA, 1303090, 
A 

JP, 9-136604, A (Temic Bayern Chem Airbag 
GmbH), 27 May 1997 (27.05.97), Fig. 1, 2, & 
US, 5799973, A, & EP, 738631, A, & DE, 
19531667, A 



Claim 1 

The invention described in Claim 1 does not involve 
an inventive step in the light of Document 1 cited in the 
international search report. 

Although Document 1 does not disclose the presence 
of a bottom on a cylinder, Document 2 discloses the 
formation of an igniter in a bottomed cylinder, and the 
storage of an igniting (12) agent therein. Because the 
tubular gas generator disclosed in Document 1 and the 
tubular gas generator provided with an igniter in a 
bottomed cylinder disclosed in Document 2 both belong to 



Form PCT/IPE A/409 (Box V) (January 1994) 



kernational application No. 

IN TERNATIONAL PRELIMINARY EXAMINATION REPORT pQT/JP 99/04 516 

closely related technical fields, a person skilled in the 
art could easily conceive of exchanging the metal member 
(18) containing an igniter disclosed in Document 1 for the 
bottomed cylinder disclosed in Document 2. 

In addition, Document 1 does not disclose a 
technical means wherein empty space makes up less than 20% 
by volume. However, Document 1, paragraph [0022], states 
that "by selecting an appropriate thickness for a 
cushioning member (78), the fill ratio is improved from 
65% to 80%." Furthermore, the invention in the present 
application and the invention disclosed in Document 1 both 
address the same problem of decreasing the size of a gas 
generator by increasing the volume fill ratio of a gas- 
generating agent, and both adopt the same technical means 
to do so. Moreover, in the light of the disclosure on page 
5, line 17, of the present application, which states, 
"empty space = total volume - (filled volume + spacer 
volume) , " the invention disclosed in Document 1 achieves 
empty space of less than 20% when spacer volume is added 
to the fill ratio of 80% and the result is subtracted from 
total volume. Therefore, a person skilled in the art could 
easily conceive of applying the technical means of 80% 
volume fill ratio disclosed in Document 1 as a 
constitution having less than 20% empty space for the 
invention in the present application. 



Claim 2 

The invention described in Claim 2 does not involve 
an inventive step in the light of Document 1 cited in the 
international search report. Although Document 1 does not 
disclose a powdered or granular gas-generating agent, in 
the light of the disclosure on page 9, lines 1 to 6, which 
states, "usable materials are disclosed in US patent no. 
4203787," if that document is taken into consideration, 
Document 1 can be said to suggest a powdered or granular 
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gas-generating agent. Therefore, a person skilled in the 
art could easily conceive of such as constitution. 



Claim 3 

The invention described in Claim 3 does not involve 
an inventive step in the light of Document 1 cited in the 
international search report. Document 1 discloses a 
feature wherein a cushioning member (78) is inserted 
between the outer surface of a metal member (18) and the 
inner surface of a housing (12), and makes up one portion 
of the volume. 



Claim 4 

The invention described in Claim 4 does not involve 
an inventive step in the light of Document 1 cited in the 
international search report. Document 1 discloses the 
compression beforehand of a gas-generating agent and the 
formation of a washer-shaped wafer (74), such that a space 
is formed wherein a metal member (18) is to be inserted. 



Claim 5 

The invention described in Claim 5 does not involve 
an inventive step in the light of Document 1 cited in the 
international search report. Document 1 discloses a 
feature wherein a cushioning member (78) is inserted 
between the outer surface of a metal member (18) and the 
inner surface of a housing (12), and makes up one portion 
of the volume. Although Document 1 does not disclose a 
feature wherein a gas-generating agent is non-compressible 
or difficult to compress, in the light of the disclosure 
on page 9, lines 1 to 6, which states, "usable materials 
are disclosed in US patent no. 4203787," if that document 
is taken into consideration, Document 1 can be said to 
suggest a feature wherein a gas-generating agent is non- 
compressible or difficult to compress. Therefore, a person 
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skilled in the art could easily conceive of such as 
constitution . 
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